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DETERMINATION OF THE CONSTANT. 

Experiments having shown that different instruments, 
constructed according to the idea kxplained above, read 

arallel to one another within 3 per cent, the radiation 
geing computed from the formula: 

R=Ci2  (1)  
it  remained highly desirable to cfetermine the const,aiit c 
in order that the readings may be directly transferred 
into gm. cal. per cm.2 per min., i. e., the usual actino- 
metric unit. 

A preliminary value of the constant c: in (1) w-ns 
obtained througll a comparison between the sky actino- 
meter and the Anastrom pyrheliometer Nr. 15S,8 b d i  
being esposed to tfie sun radiation only. Comparisons 
on various occasions gave values ranyiiig from 5.5 to S.7, 
the mean value being 8.61. This va ue can, however, be 
considered only as a rough approsiniation when applied 
to the sky radiation measurements, since the qualities of 
the two radiations are clifferent, the sun radiation being 
strong, tlie luminous sk radiation weak, in the infra red. 
It is consequently to ge espectecl that t ~ i e  value of p 
in (2) will be slightly different for the.sky radiation from 
what it is for the radiation from the sun. This difficulty 
which mas overcome throu h comparing the indications 
of the sky actinometer wit H 1 those of t.lie pyrheliomet.er, 
~1ie.n t.liey both were esposed to B “filt,ered” SUJl radia- 
tion of approsjmately t.he same wwe-1eiigt.h dist.ribut,ion 
as in the sky liaht. For a filter I used a combination of 
a blue glass (gcliott & Genosseii Nr. E’ 3086) and n 
water screen 1.5 cm. in thickness. The constant ob- 
tained in that way is 8.48, which is slightly lower tlinii 
the preliminary value. This is to be espectecl since B has 
a higher value for the long-wave radiation partly entering 
in the sun radiation, than for tlie short waves. 

A comparison between t.his instrument and the pyra- 
nometer of Abbot and Aldrich showed that the difference 
between the readings of the two instruments is less than 
3 per cent. Individual readings differ, ho~\-ever, by as 
much as 6 er cent due, according to my opinion, to the 

heating of the glass screen. 
A comparison wit,h the Callenclar recording iiiatrunicnt 

used a t  the observatory of the U. S. Weather Bureau, 
under the direction of professor IGmball, showed also a 
satisfactory agreement in the averages. The Cn1lend:n 
readings were, however, under conditions of very calm 
weather, undoubtedly influenced by the heating of the 
glass, the convection of the heat from the glass through 
the air bein then small. The effect is g.enerally not n 
large one, f u t  may under special conditions amount 
to as much as 10 per cent. 

The results of a number of measurements with the 
newly constructed instrument, with the object of deter- 
mining the radiation from a clear sky for different 
he’ahts of the sun and for different transmission on-ers 

of clouds u on sky radiation, are under preparation and 

I take the opportunity to express my sincerest thanks to 
Director Marvin and the stafl of the U. S. Weather 

’ Bureau for the facilities dorded me during my stay at 
the Bureau in Jul Es ecially to 
Prof. H. H. K i m b d I  am inde f ted for his kin cp assistance 
in mounting and com aring the different inst,runieiits 
and for the facilities agorded me at his observatory in 
general. 

fact that t. % e pyranometer readings are influenced by the 

of B t e atmosphere, as well of studying also the in li uence 

will proba 6 ly soon be published. In the meantime, 

and Au ust, 1919. 

6 The constant of this instrument aa determined at Upsala is 13 58: the difference os 
its  rea- from the Smithsonian scale is 4,58 per cent. Bee ‘*kotcs on aomparison 
between pyrheliometers, etc.. thla REVIEW, p. 798-799. 

SOME PROBLEMS RELATING TO THE SCATTERED RADIA- 
TION FROM THE SKY. 
By -4NDERS ANQ8TR6Y. 

[Dated Geographical InstItute, Berm, Norway, September, 1918.1 

The knowledge of the optical phenomena exhibited by 
the sky has always been consiclerecl of high value for the 
local torecasting of weather. Thus a dark blue sky 
shows that there are few diffusing particles in the atmos- 
phsre and generally a low content of water vapor. On 
the conbrary a milky-white sky indicates that, the atmos- 
phere contains a large number of dif-fusing particles and 
generally that, t,he content of water Tapor is great. The 
latter is spt  to he tlie case also when the sunset is very 
red, which shows that then the atmosphere, at least in 
the west, must hare a high diffusing power. These are 
well-known facts, only to be briefly referred to here. 

One of the special questions fa l l ib  under the problem 
of the optics of the sky, is this: Row do the various 
changes in the pro erties of the sky affect the direct heat 

point of view the act’inonietry of the sky has shown 
itself most fruitful in clearing up our ideas in regard to 
the construction of different atmos heric layers as well 

income to the sur P ace of the earth? Froni a theoretical 

of gases and di B using particles under 
in general. Thus, the investigations 

upon the scattering effect of the 
rlourlless atniosphere upon the sun radiation have 
shown, in conihinnt>ion with Lord Rayleigh’s theory for 
scatt.ering in gases, that the sc.att,ering of the atnios here 
above about 3 kilometeis altitude is caused main P y by 
the effect of the molecules. Below that level the dust 
atmosphere, increasing in density with depth, plays an 
iniportant part in t,he \n-ealiening of the sun radiation 
First the spectro-boloniet.ric! s tudics of the sun radiation 
have given us an idea of the aniouut of energy stored up 
t,hrougli absorption in different, atmospheric layers and 
hare made it possible to  esplain, nt least in its general 
features, t,he temperature illstxibution in the upper-air 
layers, and at  first view it.s rat,her astonishing feature of 
the reat & know the to td  heat radiated to a horizontal sur- 
face by siin ani1 sky to be of prinic import,ance in deter- 
mining t,he teniperature distribution in its relation to 
time as well as to coordinates. Several investigations 
hare been carried out on the radiation from the sun; 
and its variation with zenith-distance of sun, with alti- 
tuck, water -vapor, and clia’usin powex of the atmos- 
phere, may at  present be said to E e relati-Fely well known, 
even if much is yet to be clone before the relation 
between sun radiation and climate is revealed to us 
more in detail. Angot has computed the solar radia- 
t.ion on a 1iorizont.d surface at  cliflereiit latitudes for 
different transniission coefficients of the atmosphere, 
the transniission assumed l o  be constant over the sur- 
face of the earth. It is one of the object,s of pyrhelio- 
metry to revise the latter assumption according to actual 
conditions. But t,he computation of Angot and his fol- 
lowers has not taken into consideration the iin ortant 
part played by the difluse sky radiat.ion, the o \ serva- 
tions of which are few and generally of accicleiital char- 
aFter. The observations show, however, that the radia- 
tion from the sky is relatirely large, that for high sun, 
clear sky, and medium diffusin power it is about 20 

ulcreases rapidly for increasing zenith distance of t e % per cent of the solar radiation, 7 jut that! ih perceiita e 

1 Annals of the Astrophysical Observatory of Smithsaan Institutlon, VoI. 111 * R. Bmnden: pber  Strahlungs leichgewhht und atmosphiirischc Strahlung. (SIts. 

1V. J .  Huinphrcya: Astroph s. Journal. Vol. SSIS. 
E. GokL. Proc. Roy. SOC. of imdon, ser. A 1909. 

ber. d. Bayenschen Akad. d. Jtissenschaften Nilnchen, 1913.) 
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(1) Radiation from Clem sky: 
b) Tmsmission for sun rildutloii :dJIJllt U.W.. ............... 

(2 Sky covered by Ci-St.. ....................................... 
(4) Sky coverad by St-Cu liiot very dmse).  shout.. ............... 
(5) Sky covered by Nh (not very tienscj, d J O u t . .  ................. 
(6) Sky covertd by Nb (very dense]. ............................. 

p) Tmsn~ission for sun rad+t!tjon about. p.75.. ............... 

(31 Sky covrnd by A-St.. ....................................... 

sun and with increase in cloudiness. In the h t  place 
under the more simple conditions presented by a clear 
sky, one of the prime ob’ects of sky actinometry ought 

sky on the one hand and the height of the sun and diffus- 
ing power of the atmosphere on the other. Here a com- 

arison between the observations and the theory of L.V. 
k m g  may be of value, and may lead to a conception of the 
ratio between the amount of radiant energy diffused by 
the dust partichs and the aniouiit, t,ransforniecl by them 
into heat. A close agreement between observations ani1 
the theor nanied is not t.0 be espccted without an es- 

tions, while the reflection of t e light from the earth’s 
surface introduces a complication not considered in the 
theory. This is probably the reason why Alclrich,’ ob- 
serviii in California, found n more rapid decrease in tlie 
sk ra iation than demanded by the theory. 

&ro! the climatological oint of view the influence of 

im ortance, though very dificult to subject to ge.nerii1 
ru&. The cloud-forms are innumerable and the mflu- 
ence of different clouds exhibits rent variations. From 

scribed above in the sumnier of 191S, and a t  Waqhington 
in the summer of 1919, I haTe drawn up the following 
table, wherein the numbers ought only to be taken to be 
what they are-the average of some few cases. 

to be to fix the relation i etweeii the radiation from the 

1 tension om 9 the theory or an ad’ustment of the observa- 

clouds upon the heat exciange 7 

my observations at Upsala, wit ‘31 the instrument de- 

is naturally of great 

I- _-_- 
0.10 + 
0.30 + 

0.15-d.30 + 
0.2ILO. 40 + 

0 . 3  i~ 
0.35 - 
0.10 - 

FIG. 1.-Variation in sky r3diation with cloudiness. 

TABLE l.-Tkriation in sty radiation un?h cloudiness. 
(Sun’s mnith distance 10°-300.) 

The table shows some interesting and important 
features. With increasing density [n =nebulosity] of 
the cloud sheet the radiation from the sky first increases 
in order to reach n masimum, after which it decreases 
with increased heaviness of the doud. For the cloudi- 
ness corres onding to the masimum of skr radiation, 
the sun J i a t i o n  is practically nil. The radiation ill- 
come conespoding to the cloudiness 10 is consequently 
~ ~ 

1 Aldrich, L. E. The Smithsonisn eclipse expedition of June S, 191s (Smithsmian 
Yire. .d. ,  No. 9, 1919). 

under these conditions not equal to 0, as is often assumed, 
hut ahout 50 per cent of the sun radiation when the 9ky 
is clear. On the average tlie cloudiness 10 causes a de- 
crease in t.he t,otal heitt income down to about 30 per 
cent.. In regarc1 to the influence of cloudiness upon the 
total heat, iiwonie, I have given a survey of the question, 
just publis11t.il in the Meteoro7ogiseh,e Zeitsehri t,3 on the 
h i s  of Iiiiiihnll’s olxiervations wit,h the C f lendar re- 
corclia~-insl.l.unient. A more det.ailed treatnient, of t.he 
quest.ion will soon a pear hy Prof. Kimhall liiniself.’ 
Tile siipcrpi)~it~inn of t s ie diffused sky radiation upon the 
direct) rntlintion from the sun is, in large art, the reason 
tliat tlie lieat, iiiroirie at, the cloudiness 5 ror 50 per cent) 
is nrnrl-j- s!j per cent. of t,he heat income for clear sk . 

After the maximum is reached tui increased clouc f mess 
cmses 21 decrease in t,he radiation from the sky. When 
t.hr railiatioii froin the sky has reached a certain low 
vduc-not very clifierent from the value corres onding 
to a clear sky-rain generally be ins to falf This 
act,inoiiiet.ric rain iiniit is mturally c i! ependent u on the 
1it.igLt of tilo sun itl~ove the horizon, but seems, or uni- 
formly cloudecl sky and const.aiit solar height, to niain- 
t,tiiii :I. rnluc tlmt fiuct>uates oidg between narrow limits. 
For the local forecasting of rain a closer investigation of 
t,liesc coiidit,ioiis niay prove to be O€ value. 

Purely p1iyeice.l mcl nintheniatica.1 problems may be 
solvctl hy oae singlc invest.igiit,or limited to a certain 
p1ac.c and, in r e g d  to time, dependent only upon the 
riipirlity of the work of the iiivestigntor’s brain or his 
experinient>nl speed and skill. But meteorolo ical rob- 

over wide nrrBq and coiit,inuing their work over consicler- 
able int.ervals of time. If the resent paper has been 

wide problems oft’ered by the actiiionietry of the sky, it 
will liare fillcil its purpose. 

P 

h i s  need for t,lieir solut.ion many observers %- istri -B uted 

able to clraw uttent.ion nnd attnc E interest to some of the 

NOTE ON COMPARISONS BETWEEN PYRHELIOMETERS 
AND ON THE DIFFERENCE BETWEEN THE ANGSTROM 
STANDARD AND THE SMITHSONIAN STANDARD. 

By Dr. ANUERY ANGSTROM. 

[Dated: Neteorologicel Bmecru, Stockholm, Sweden, October, 1919.1 

T;:e cimt,ant of trl:e Angst,rom pyrheliometer No. 158, 
iisecl 113’ myself chiring espedit.iom to Algeria aud Cali- 
fiirnia, vim clet,eriiiiiied in 19 15 from measurements of 
the Lvicltii m d  resist.nnce of the strips and found to be 
13.5s.’ Using this value of the constant, tlie instru- 
nieiit -.i-as found t,o rend 1.85 p ~ r  cent lower than the 
st,:udtird instrunleiit of the solar observatory at  Upsala 
L 2 = 0 . 9 s 7 5 - J J  wl-llicji w e  will iadicate in the fol- 
lou-iiig hy tile Biigstroiii Stmdard (A. S.)? Shortly 
aft,erv;arcls (in tlie suninier 1912) the pyrheliometer No. 
1% was c.onipnrec1 by Dr. Alhot and myself wit11 a uewly 
st.niida.rized secondiwy pyrheliometer of the Sniitlisonian, 
(A. P. 0. 9). ant1 later hy ‘Ur. Ahbot with the Smitli- 
soniaii seccmlnry st,anclard it.self (4. P. 0. 8. his.). The 
results of ti:c.se comparisons were that No. 155 read 4.5s 
pcp cent f o . 1 5  lou-er tiiaii t-lie Sniitlisonian staudard 
(8. I .  8.) re+ = 1.045S]. Consecluestly the differ- 

-- - _____- 
1 .it the Solar I #lscrvstorr at Upsala hp Dr. Liudholm. 
3 Zs A. S. the pyrheliomet’er No. 70 Ims since 1906 been in permanant use. 
J Ijngstrt;iu Annlars: ~ I P L  Zaclirt. IX .Y/~O.  INS. 
4 Iumh311, k. ZI. See tl& REVIEW, pp. 769-793. 


